A ccess to the ventrolateral aspect of the pontomesencephalic area and adjacent cisterns may be required to address a variety of pathologies. These pathologies include but are not limited to brainstem gliomas, cavernous malformations, and vascular lesions such as aneurysms. 5, 11, 13, 35, 39 However, such access is mainly limited due to the abundance of eloquent structures residing within the anterior and middle incisural spaces. 27 Two approaches are commonly used for accessing this region: 1) transsylvian and 2) subtemporal approaches. 3, 22, 28, 33, 34, 38, 45 The transsylvian approach mainly enables access to the interpeduncular and upper prepontine cisterns, while ABBREVIATIONS AChA = anterior choroidal artery; AMZ = anterior mesencephalic zone; BA = basilar artery; OTT = oculomotor-tentorial triangle; PCA = posterior cerebral artery; PCoA = posterior communicating artery; PCP= posterior clinoid process; PMS = pontomesencephalic sulcus; SCA = superior cerebellar artery; STZ = supratrigeminal zone; TcA = transcavernous approach; UnR = resection of temporal lobe uncus.
the subtemporal approach grants access to the ambient cistern. 38 However, access to the crural cistern that lies between the interpeduncular and ambient cisterns is limited in both approaches. 17, 25, 38 In a transsylvian approach, as the surgical target moves posterolaterally around the cerebral peduncle, the temporal lobe and the tentorium become major obstacles to more lateral and posterior exposure. 1, 23, 37, 38 Likewise, moving anteriorly from the ambient cistern toward the crural and interpeduncular cisterns during a subtemporal exposure, the surgical maneuverability becomes progressively limited as the target assumes a deeper position on the ventral aspect of the midbrain. 38 Triangular corridors are defined to facilitate orientation during these surgical approaches. The most well-known and studied of these corridors are the supracarotid, carotidoculomotor, and optico-carotid triangles. 9, 19, 20, 42 However, these triangles are mainly used to access the interpeduncular cistern and its contents, including the basilar apex. On the other hand, the triangular corridor formed between the oculomotor nerve and medial tentorial edge ( Fig. 1) , which we call the oculomotor-tentorial triangle (OTT), has not been studied despite its frequent use to address various pathologies. 11, 16, 36, 43 The purpose of this two-part report is to define the microsurgical anatomy of the OTT and assess ways to expand it (Part 1), and to summarize our clinical experience using the OTT to address various cerebrovascular pathologies, including aneurysms, cavernous malformations, and dural arteriovenous fistulas (Part 2).
Methods

Pretemporal Approach and Exposure of the OTT
Four cadaveric heads embalmed in a customized alcohol-based solution were infused with colored silicone into arteries (red) and veins (blue), and prepared for dissection. Each head was placed in a 3-pin Mayfield clamp (Integra) and turned 30° to the contralateral side. The vertex was slightly tilted toward the floor such that the malar eminence was the highest point in the surgical field. A large question mark-shaped incision was started just anterior to the tragus, curved around the pinna, and then anterosuperiorly to reach the midline just behind the hairline. After reflection of the musculocutaneous flap using a subfascial technique, a large two-piece pterional-orbitozygomatic craniotomy was performed. The dura was opened with a curvilinear incision, and a complete sylvian split was performed using a surgical microscope (Carl Zeiss). The carotid, interpeduncular, chiasmatic, and crural cisterns were opened to gain entry to the anterior incisural space. Next, a pretemporal approach was performed as described by de Oliveira et al. 8 To perform this approach, the venous attachments between the tip of the temporal lobe and the sphenoparietal sinus were divided. Also, the following surgical maneuvers were performed to maximize posterior mobilization of the temporal lobe: 1) detachment of arachnoid adhesions between the medial aspect of the temporal lobe, the oculomotor nerve, and the cisternal course of the anterior choroidal artery (AChA); and 2) releasing the cisternal segment of the anterior temporal artery from arachnoid attachments. 35 Using a table-mounted brain retractor system (Integra), we retracted the temporal lobe posteriorly. The frontal lobe was also retracted by placing the retractor blade on the orbital gyri lateral to the olfactory tract. Retraction forces were adjusted to maximize retraction while avoiding any gross injury to the underlying neural tissue. The retractors were then fixed and locked in place.
Contents and Morphometrics of the OTT
The boundaries and contents of the OTT were defined. Next, the following measurements were recorded using the Treon Plus frameless stereotactic navigation system (Medtronic): 1) length of the exposed oculomotor nerve, 2) length of the exposed tentorium starting from its crossing point with the oculomotor nerve at the oculomotor trigone, 3) length of the exposed superior cerebellar artery (SCA) and 4) posterior cerebral artery (PCA), and 5) length of exposed basilar artery (BA) through the OTT. Using the stereotactic navigation system, we recorded the spatial coordinates of the exposed OTT vertices to calculate its surface area.
Additionally, to assess the exposed surface of the anterolateral pontomesencephalic area, the following points were marked: 1) the point of emergence of the oculomotor nerve just medial to the cerebral peduncle ( Fig. 2 point  A) , 2) the inferior-most exposed point on the brainstem surface along a vertical line passing through point A ( Fig.  2 point B) , 3) the lateral-most exposed point on the cerebral peduncle at the axial level of point A ( Fig. 2 point C) , and 4) the most inferior exposed point on the brainstem surface along a vertical line passing through point C ( Fig.  2 point D) . The lengths of lines A-B, A-C, and C-D were measured using the stereotactic navigation system.
Expanding the OTT
Keeping the brain retractors fixed in place, two skull base approaches were then performed consecutively to evaluate techniques to enhance the exposure gained through the OTT. First, a transcavernous approach (TcA) was performed by the following steps to increase the mobility of the third cranial nerve: 2,31 1) intradural anterior clinoidectomy; 2) opening the roof of the cavernous sinus medial to the oculomotor nerve to release the cavernous segment of the oculomotor nerve and anterior genu of the cavernous carotid artery; and 3) posterior clinoidectomy. The above-mentioned measurements were repeated (except the length of the exposed tentorium and oculomotor nerve) after TcA. Next, the temporal lobe uncus was resected (UnR) as described by Post et al., 24 and the variables were measured again ( Fig. 3 ).
Statistical Analysis
IBM SPSS statistical software (version 24.0, IBM Corp.) was used to perform statistical analysis. The paired t-test was used to compare dependent means of parametric variables between the initial exposure and TcA, and between the TcA and UnR steps.
Results
Pretemporal Transsylvian Approach
The OTT was successfully exposed in all specimens. It was formed between the following structures: 1) the oculomotor nerve anteromedially, 2) the medial tentorial edge anterolaterally, 3) the cerebral peduncle posteromedially, and 4) the temporal lobe uncus posterolaterally (Figs. 1, 3A, and 3B). It enabled exposure of the crural cistern just lateral to the oculomotor nerve. The pretemporal transsylvian approach enabled exposure of the full cisternal length of the oculomotor nerve from its origin to the oculomotor trigone at the roof of the cavernous sinus (average 16.5 ± 2.8 mm). The tentorial edge was exposed at an average length of 10.1 ± 1.5 mm (Fig. 3 ). The entry point of the trochlear nerve to the tentorium was not visible in any of the specimens after the pretemporal approach.
Vessel Exposure
The s 1 segment of the SCA, proximal s 2 segment of the SCA, and P 2A segment of the PCA were the main contents of the OTT in all specimens. The origin of the SCA was visible through the OTT in all specimens. The P 2P segment of the PCA was not visualized via the OTT in any of the specimens. The average lengths of the exposed PCA and SCA were 5.5 ± 1.6 mm and 6.4 ± 1.3 mm, respectively.
The basilar apex was not visible through the OTT in any of the specimens. On the other hand, the basilar trunk was exposed below the level of the SCA origin in all specimens. The main anatomical obstacles to visualize the basilar trunk through the OTT were the limited medial mobilization of the oculomotor nerve and the posterior clinoid process (PCP) lying just medial to the oculomotor nerve. The PCP and third cranial nerve were the main obstacles to visualize the proximal segment of the s 1 -SCA, whereas the tentorial edge mainly hindered exposure of the distal segment of the s 2 -SCA. In all specimens, the P 1 -P 2 junction was medial to, or just on top of, the oculomotor nerve ( Fig.  3 ). There was no anatomical structure limiting exposure of the proximal P 2A -PCA. However, the temporal lobe was the main limiting factor for exposing more distal segments of the PCA (i.e., distal P 2A and P 2P segments).
Brainstem Exposure
Average cerebral peduncle width exposed through the OTT at the level of the oculomotor nerve (line A-C in Fig. 2 ) was 5.6 ± 0.9 mm. Average height of the exposed brainstem along the sagittal plane of the oculomotor nerve root emergence point just medial to the cerebral peduncle (line A-B in Fig. 2 ) was 7.1 ± 0.5 mm. This exposure extended inferior to the pontomesencephalic sulcus (PMS) in all specimens ( Fig. 4 ). An average of 5.0 ± 1.3 mm of the brainstem height was exposed inferior to the lateralmost exposed point on the cerebral peduncle (line C-D in Fig. 2 ). The results of measurements of the OTT during the pretemporal approach and following TcA and UnR are listed in Tables 1 and 2 . 
Transcavernous Approach
TcA led to an increase in the exposed length of the oculomotor nerve anteriorly extending to the superior orbital fissure (Fig. 3C ). This caused doubling of the surface area of the OTT (Fig. 5 ). Completing a posterior clinoidectomy following the anterior clinoidectomy and opening of the cavernous sinus roof increased the mobility of the oculomotor nerve. Subsequently, the exposed lengths of all exposed vessels increased, which was statistically significant ( Table 1 , Fig. 5 ). Also, all dimensions of the exposed surface of the ventrolateral pontomesencephalic area in- The OTT is exposed after completing a pretemporal approach. The s 1 -and proximal s 2 -SCA and P 2A -PCA are exposed via the OTT. The dashed line designates the medial tentorial edge. B: The PMS is also exposed through the OTT after slight manipulation of the SCA and PCA. Note that the tentorial edge and temporal uncus are the major obstacles to exposing further posterior segments of the SCA and PCA toward the ambient cistern. The tentorium also blocks exposure of the brainstem surface below the level of PMS. C: After completion of a TcA, the cavernous segment of the oculomotor nerve is exposed (double-arrow line), which enables further mobilization. This maneuver enables better exposure of the STZ that is located inferior to the PMS at the sagittal level of the root exit zone of the oculomotor nerve. Further posterior segments of the SCA and PCA are exposed as well. However, the temporal uncus is still a major obstacle in exposing the SCA and PCA toward the ambient cistern. 4 . Depictions of exposed surface of the brainstem on a cadaveric specimen through the OTT with a transsylvian pretemporal approach (yellow shaded area), and its enhancement following a TcA (red shaded area) and resection of the temporal uncus (green shaded area). Anterior (left) and anterolateral (right) perspectives are shown. Areas 1 and 2 designate the anterior mesencephalic and supratrigeminal safe entry zones of the brainstem. It is evident that the AMZ is sufficiently exposed using the transsylvian pretemporal approach, whereas optimal exposure of the STZ may require expanding the OTT with a TcA. The resection of the temporal uncus after the TcA enables further posterior exposure of the ventrolateral cerebral peduncle, but does not extend to the lateral mesencephalic sulcus (LMS) that is typically exposed during a subtemporal approach. The dashed line shows the PMS. The black arrow represents the course of the pontocerebellar (transverse pontine) fibers that pass through the middle cerebellar peduncle (MCP) to reach the cerebellum. Copyright Michael T. Lawton. Published with permission. Figure is available in color online only. 
Uncal Resection
Resection of the temporal lobe uncus allowed further exposure of the tentorium posteriorly. Following UnR, the surface area of the OTT showed a 30% increase with a statistically significant difference compared with the surface area exposed after TcA (p = 0.02; Fig. 5 ). Furthermore, compared to the TcA, it led to a statistically significant increase in the exposed lengths of the PCA and SCA, but not the BA (Table 1, Fig. 5 ). The width of the cerebral peduncle (line A-C in Fig. 2 ) was the only parameter that showed a statistically significant increase after UnR ( Table 2 , Figs. 4 and 6) . Figure 4 depicts the approximate surface of the ventrolateral pontomesencephalic area after performing the three approaches. UnR enabled exposure of the entry point of the trochlear nerve to the tentorium (porus trochlearis) in 50% (4/8) of specimens.
Discussion
Our results show that the OTT is an efficient corridor to expose the anterior and proximal lateral perimesencephalic segments of the PCA and SCA, and the upper basilar trunk below the level of SCA origin. It also provides a generous exposure of the ventrolateral pontomesencephalic area that is more expanded after performing TcA and UnR ( Table 2 , Figs. 4 and 6) . Therefore, this corridor could be efficiently used to expose these anatomical structures/regions in the ventrolateral pontomesencephalic area for treatment of various pathologic states.
Exposure of Arterial Branches
Basilar Apex and Basilar Trunk
The OTT enabled the exposure of the basilar trunk below the level of the SCA in all specimens; however, the basilar apex was not visible through the OTT. These results are of surgical significance. First, when the basilar apex aneurysms are exposed through a transsylvian approach, the temporary clipping of the basilar trunk could be performed through the OTT or the carotid-oculomotor triangle. Placing a proximal BA clip through the OTT would allow the surgeon to have more room while working on the aneurysm through the carotid-oculomotor and optico-carotid triangles. Furthermore, when the basilar apex is low-lying, exposure and clipping of the basilar apex aneurysm may be better performed through the OTT, which provides a more horizontal view across the basilar apex compared to the optico-carotid and carotid-oculomotor triangles that provide a more vertical view. 19 The main obstacles to exposing greater lengths of the BA through the OTT were the PCP and limited mobility of the oculomotor nerve. The TcA significantly increased the exposed length of the basilar trunk through the OTT as it eliminates the PCP and increases the mobility of the oculomotor nerve. 2 Overall, TcA could be efficiently used to increase the working area on the basilar apex and trunk 4, 10 while simultaneously providing more room to place the proximal basilar clip through the OTT.
SCA and PCA
The OTT enables exposing the P 2A -PCA, and s 1 -and proximal s 2 -SCA. Although rare, aneurysms of the P 2A -PCA may be efficiently exposed through the OTT. 11, 23, 30, 39 Additionally, when the SCA or PCA is targeted as a recipient in cerebral revascularization procedures, the OTT enables exposure of generous lengths of these arteries (Figs. 3 and 5). 21, 29, 35, 43 The use of OTT to perform a bypass procedure on the SCA or PCA has several advantages. First, the crural cistern is a more spacious area with less surgical depth than the interpeduncular cistern. Therefore, performing a bypass would be technically less demanding compared to the PCA/SCA targeted in the interpeduncular cistern. Second, the lengths of the recipient SCA and PCA may be greater than those exposed in the interpeduncular cistern. 36 Third, as a bypass requires temporary trapping of the recipient artery, such a maneuver would endanger thalamoperforating arteries when performed in the interpeduncular cistern. On the other hand, the risk to thalamoperforating arteries is less during clipping of P 2A -PCA because it harbors fewer perforating arteries to the thalamus, although peduncular perforating and thalamogeniculate arteries may still be at risk. 26, 44 The oculomotor nerve and PCP were the main obstacles to exposing greater lengths of proximal SCA, whereas the tentorial edge was the main limiting structure to expose distal segments of the SCA. TcA requires resection of the PCP and increases mobilization of the oculomotor nerve and the tentorial edge (Fig. 3) . 2, 31 This maneuver could therefore create more room for performing a bypass on the SCA. TcA, however, did not expose a significantly greater length of the PCA (Fig. 5 ). This is a predictable result because the PCA courses above the tentorial edge and the oculomotor nerve, whereas the SCA courses underneath the tentorial edge and the third cranial nerve. UnR led to an increase in exposed lengths of both the SCA and PCA (Fig. 5) . However, the increase in exposed PCA length was more significant. This could be explained by the anatomical position of the P 2A -PCA medial to the temporal lobe uncus (which forms the anterolateral limit of the crural cistern), 27 whereas the SCA eventually courses below the tentorial edge in the cerebellomesencephalic fissure.
The OTT was not a favorable window to expose the entry point of the trochlear nerve to the tentorium, although TcA + UnR enabled its visualization in 50% (4/8) of specimens. This finding shows that the OTT may, at most, expose the most anterior parts of the ambient cistern and is not an optimal window to expose lesions located more posteriorly (e.g., P 2P -PCA). This finding is in concordance with previous studies emphasizing that the P 2P -PCA could not be exposed during the pretemporal approach. 1, 11, 37, 38 
Alternative Approaches
The exposure of basilar trunk, P 2A -PCA, and s 2 -SCA may be obtained via a subtemporal approach with or without anterior petrosectomy. 12, 23, 27, 38, 39 Basically, the subtemporal approach to these arterial segments uses the window between the oculomotor nerve and the tentorium, which is more extended posteriorly along the ambient cistern. While the subtemporal approach provides the advantage of exposing more posterior segments of the PCA and SCA, it has certain limitations. 38 Temporal lobe retraction is a major drawback of the subtemporal approach that may lead to serious postoperative temporal lobe swelling. 32, 35, 37 Furthermore, it should be noted that, compared to the transsylvian approach, the risk of injury to the oculomotor and trochlear nerves is greater during the subtemporal approach. 12 On the other hand, the temporal lobe is much more tolerant to posterior retraction than to superior retraction. 43 The transtemporal-transchoroidal and transinsulartranschoroidal approaches enable access to the ambient cistern. 14, 17, 40 Compared with the OTT, these approaches provide a better exposure of the posterior parts of the ambient cistern (e.g., P 2P -PCA) with minimal temporal lobe retraction. However, violation of cortical tissue, and the risk of damage to the hippocampus, thalamus, and perforating branches of the AChA, are among the disadvantages. Moreover, exposure of the crural cistern and its contents (e.g., P 2A -PCA) is more difficult, requiring dissection through the amygdala and significant retraction on the hippocampal formation. 17 Therefore, the transchoroidal approaches may be an inferior alternative compared to the OTT when a pathology of the crural and anterior ambient cistern is targeted.
Exposure of the Ventrolateral Pontomesencephalic Area
The perioculomotor area (i.e., anterior mesencephalic zone [AMZ]) is an area of the ventral mesencephalon just lateral to the root exit zone of the oculomotor nerve in the cerebral peduncle that contains frontopontine fibers (the medial one-fifth of the cerebral peduncle width; Fig.  4) . 5, 6, 18, 41 This area has been defined as a safe entry zone for resection of intrinsic midbrain lesions such as cavernous malformations that do not reach the pial surface. An incision made between the SCA and PCA in this area does not cause neurological deficits. 5 Figure 4 shows the area of the AMZ and the areas of the ventrolateral brainstem exposed through the OTT and its expansions following TcA and UnR. It is evident that the OTT is a favorable window to reach the AMZ for resection of intraaxial lesions.
The OTT also enables exposure of the intrinsic lesions of the ventrolateral rostral pons through a safe entry zone called the supratrigeminal zone (STZ). 6, 15, 18 This area may be accessed via a vertical incision made inferior to the PMS at the sagittal level of the oculomotor nerve. 7 Our results show that TcA may be necessary to optimally expose the STZ through the OTT (Fig. 4) . The STZ is an area of ventrolateral pons rostromedial to the root entry zone of the trigeminal nerve that harbors the pontocerebellar fibers coursing through the middle cerebellar peduncle. 6, 15 Hebb and Spetzler used the lateral transpeduncular approach through retrosigmoid craniotomy to reach the STZ. 15 However, as described and illustrated by Hebb and Spetzler, their approach assumes a tangential trajectory along the brainstem to the ventrolateral pons. Our results show that the STZ could also be exposed through the OTT with a vertical trajectory. This may be an advantage of approaching the STZ using the OTT compared to the lateral transpeduncular approach.
While more lateral and inferior exposure of the ventrolateral pontomesencephalic area may exceed the limits of the AMZ and STZ, these extensions may be used to resect intrinsic brainstem lesions with pial presentation at these exposed areas. Figure 4 shows that TcA is efficient in enhancing exposure of the ventrolateral pontomesencephalic area both inferiorly and laterally, whereas the addition of UnR is mainly advantageous in providing more posterolateral exposure. Nevertheless, the appropriate approach and trajectory should be tailored to the individual case. Meticulous review of the preoperative images and the use of intraoperative image guidance greatly help in achieving this target.
Limitations
While providing favorable exposure of the anterolateral aspect of the pontomesencephalic area and adjacent vessels, using the OTT as a surgical window may entail some FIG. 6. Graph representations of the exposed dimensions of the brainstem through the OTT during a TS approach, and following completion of the TcA and UnR. A: Height of the brainstem exposed at the sagittal level of the root exit zone of the oculomotor nerve (line A-B, Fig. 2) . B: Width of the cerebral peduncle at the axial level of the root exit zone of the oculomotor nerve (line A-C, Fig. 2 ). C: Height of the brainstem exposed at the sagittal level of the lateral-most exposed point of the width of the cerebral peduncle (line C-D, Fig. 2 ). Brackets show statistically significant increases (paired t-test). challenges and complications. First, it should be noted that posterior retraction of the temporal lobe may also cause problematic postoperative edema. This may be aggravated by severing the bridging veins at the temporal tip draining into the sphenoparietal sinus. Mobilizing the sphenoparietal sinus may obviate the need for division of temporal tip bridging veins. 2 Second, the oculomotor nerve is inherently at risk when the OTT is used. The risk of oculomotor nerve palsy is further increased during a TcA, although the majority of oculomotor palsies after TcA are reported to be transient. 2 Furthermore, TcA may injure other contents of the cavernous sinus, especially the trochlear nerve. Third, as exposure of the brainstem surface through the OTT might require manipulation and retraction of the internal carotid and posterior communicating arteries (PCoAs; Fig.  3B ), a short fetal-type PCoA may have little mobility and may limit OTT exposure. Fourth, the posterior choroidal branches of the PCA may originate within the OTT. Therefore, care should be taken to identify these branches and protect them accordingly. Finally, the AChA is at risk when the OTT is being exposed (Fig. 3D ). As stated above, the internal carotid artery may need some medial retraction for optimal OTT exposure, which mobilizes the AChA. Also, UnR may endanger the AChA coursing medial to the temporal uncus.
Conclusions
The OTT is an efficient corridor to expose the ventrolateral aspect of the mesencephalon, rostral pons, and adjacent segments of the PCA and SCA. It could be exposed efficiently through a transsylvian pretemporal corridor and expanded with TcA and UnR approaches. This window may be used to treat a variety of neural and vascular pathologies, such as aneurysms and intrinsic midbrain lesions. Also, the exposure of P 2A -PCA, s 1 -SCA, and proximal s 2 -SCA through this triangle could be helpful when these segments of these arteries are targeted for a bypass procedure.
